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Figure S1. XRD patterns of CoFe20s nanoparticles embedded (15% w/w) in an amorphous silica
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matrix and annealed at different temperatures (from ref.[1]).
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Figure S2. TEM image of the as-prepared sample (a); dark field images of N15T700 (b) and N15T800
(c); bright field (d) and high resolution image of N15T900 (from ref.[1]).
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Figure S3. TRM measurements (full symbols) and corresponding distribution of magnetic anisotropy
(empty symbols) energies with cooling field of 2.5 mT for the samples N15T700 (a), N15T800 (b),
N15T900 (c).

In thermoremanent magnetization (TRM) measurements the samples have been cooled down
from 300 K in an external static magnetic field of 2.5 mT. At 5 K the field is then turned of, and the
remanent magnetization was measured on warming up. For an assembly of noninteracting particles,
Miru is related to the distribution of anisotropy energy barriers:

Mgy = May [y, f(OEq) dE

where M is the non-relaxing component of the magnetization and AEcis a critical value of energy,
above which all the particles are blocked. The presence of an inferior limit (AEc) in the integral means
that, at a given temperature and for a given applied field, only the particles for which the energy
barrier is higher than AEc contribute to the measured Mmum. From equation 1 is clear that the
temperature derivative of MTRM provides an estimation of the energy barrier distribution.

(1)
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f(AEg)~ =R )

Considering particles with uniaxial anisotropy and temperature independent anisotropy

constant AEa =KV «Ts and equation (2) can re-written as

dMTtrM
f (Tg)~==0mM (3)

The distribution of magnetic anisotropy energies can be well fitted by a log-normal function

l”Z(T/ T )
P=—"—exp— |—" (4)
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Figure S4. distribution of magnetic anisotropy energies (empty symbols) fitted by a log normal
function (lines) for the samples N15T700 (squares), N15T800 (triangles), N15T900 (circles). Values of
mean Blocking temperature (<Ts>) and standard deviation (c) are reported in the graph.



5 of 8

40 -
/‘\ = N157700 /o @ N5T900
Ny / Fit
/ \ Fit 304 /’/a \\
/
~ ] [\ - \
8 / \ 5 / \
~ / \ \
8 / \ 8 / \
8 S 20 / \
2 h \ 5 / \
S 201 / " 2 J \
3 / a / 4
@ / @ /
S / Q /
S € 104 /
S / S /
= 104 / = //’
/ = /
[ ] = / —
o -
0 : . . = ; ; . =
1 2 3 4 1 2 3 4 5
<D> (nm) <D> (nm)

Figure S5. Particle size distribution extracted by TEM images of the sample N15T700 (left side) and
N5T900 (right side).

The particle size distribution measured by TEM can be fitted by log-normal[6] function:

D/(DTEM>)] (6)

A lnz(
P = Do\21 exp — [ 202

where <Drem> is the median of the variable “diameter”, often used to estimate the average diameter
of nanoparticles 13-15 and o the standard deviation of the natural logarithm of the variable D[6]
(Table). To estimate the polydispersity of the sample with respect to the average particle size, an
empirical parameter has been defined as:

PD =100 x —— (7)

<DTEM>

Table S1. Mean particle size (Drgyv) O the standard deviation of the natural logarithm of the variable

D and percentual polydispersity determined by equation (7).
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Figure S6. ZFC-FC curves for the N15T700 (a) and N5T900 (b).

Figure S6. shows ZFC FC curves measured with an external field of 2.5 mT for N15T700 and
N5T900 samples. The behavior is typical of an assembly of superparamagnetic particles, whose
moments block progressively with decreasing temperature, according to the distribution of their
blocking temperatures. The continuous increase of Mrc with decreasing temperature gives a first
qualitative hint about magnetic interparticle interactions, indicating that they are very weak in both
samples. The larger Tmax value for N5T900 (Tmax = 41 K) with respect to N15T700 (Tmax = 29 K)
indicates a higher anisotropy in the first sample in agreement with the larger Keit value [3].
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Figure S7. M-plot at 5 K for N15T700 sample and reference sample N5T900 [3].

Magnetic interparticle interactions were investigated by measuring the isothermal remanent
magnetization (IRM) and the direct current demagnetization (DCD) [5,6]. Mirm(H) was measured on
the previously demagnetized sample applying a set of increasing fields (up to to 5 T), removing them
and recording the remanent magnetization after each iteration. Mocp(H) was measured saturating
first the sample, applying a set of increasing reverse fields and recording the remanent
magnetization after each iteration. According to the Stoner-Wohlfarth model for an assembly of
non-interacting randomly oriented MNPs with uniaxial anisotropy the two remanent magnetization
curves are correlated by the following equation: Mocp(H) = 1 — 2-Mirm(H). The effect of interparticle
interactions can be evaluated by the Kelly equation [7]:
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AM(H) = Mpcp(H) — 1 + 2-Mirm(H) (5)

where AM allows one to estimate the level of interactions. AM = 0 for an ideal situation with absence
of interactions. A negative value indicates the predominance of dipolar interactions, whereas a
positive value indicates the predominance of exchange interactions. Both samples show a negative
deviation with intensity less than 0.05. These values can be considered within the experimental error,
indicating that interparticle interaction in both samples can be considered negligible.
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Figure S8. Hysteresis loop recorded at 5K for N15T900 (a), N15T800 (b) and N15T700 (c).
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